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This report  covers the period 1 October 196 
'Contract NAS 8-5438,.which c a l l s  for twelve months of research and 
development o 
rocket engine 
conditions of'oxidation, erosion, vibration and shock. 

t o ' l  havember .963, under 

a high temperat.ure thermocouple capable o 
xhaust temperatures' i n  the 3000°C range, 1 

1 
I 
j 

The primary objectives of the  program are  t o  advance the state-of-the-art ; ' 1 
of high ternperatye thermometry, and t o  develop an end product sui table  
f o r  in - f l igh t  te 'qerature  measurements on the SATURN vehicle. 

Three prototype-gauges were delivered, as shceduled, on 17 October 1963 
fo r  t e s t  aad evaluation. Calibra-:ion curvss Tor these items indicated 

. t h a t  t h e i r  output, although paTal le l l ing t m p r a t u r e  - em€ curves taken 
during previous calibrations,  wzs shifted t o  a higher emf v d u e  f o r  the 

I ,  v i e w  02 the character is t ics  of various types 
it is believed tha t  the s h i f t  is caused by a 
e par t icular  type of lead w i r e  used in  the 
arations were made €or fabrication of test  a r t i  
sts i n  the 3000°F t o  SOOO'F teniperature range. . 

. .. 



1.0 Period Covered 

S tatenent of J?ork 

with the immersion type probes. 
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f. Establishment -of ra tes  df erosion fo r  different  types of 

I 1.2 . Progress 
1 

. i  
I 
f 

-Accomplished during the current reporting period were : 

3 a. Tarts Fabrication 

pe g a g e s  were fzbricated, and were delivered t o  
7 October 1963, as scheduled.. 

b 1 
* I  entative m s t  w i t h  M-ASTR-1 personnel for discussions . 

of aspects of the end use"requirements of the gauges.to be pro- 
duced under t h i s  project, It was agreed i n  t h i s  meeting that ACL 
would request, i n  writing, definit ion and c la r i f ica t ion  of 

- various physical, thermcll, and e l ec t r i ca l  parameters necessary 
to  cozpletion of the second four month period, under the contrac 
These requests are s e t  forth i n  Section 111 of :his zeport .  A 
meeting was also held with M-P&C-MFA t o  review t h e  contract and 
required submissions thereto. 

Further correspondence has also been 'exchanged w i t h  the  Govern- 
. ment Property Administrator, Los Angeles, California t o  assure . 

hat ACL procedures for handling Government Property, under the 
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1.2 Progress Cont.. . . 
* .  c, '  Test  Oven 

During a test  intended t o  expose a t e s t  gauge to temperatures 

i n  t h e  insulation flashed over i n to  steam, 
personnel were sustained, nor was there damage t o  equ iyen t ,  
other than the t e s t  ducr. AS a consequence, cal ibrat ions and 

Work is proceeding on repairing and improving the duct; t o  
prevent a recurrence of t h i s  incident. + 

An ana1ysi.s of the form drag and shock drag of the Type 4735 
gauges, as seen i n  the prototypes 'has been s tar ted.  

e 3000'F t o  5000°F range, under oxidizing conditions, the 
s t ructure  of the test duct explode'd when moisture entrained 

No in ju r i e s  t o  
* 4 .  

oxidation tests wi l l .be  delayed unt.il the next reporting period. . .  

. .  
d. 

e. Lead Wire 

amples of compensazcd lead w i r e  have been ordered 
olis-Honeywell, Englehard Industries,  and Tut t le  & 
t e s t  gauge has been f i t t e d  with two sets .of  leads 

differences in output has been made, 
t types, Provision fo r  switching t o  determine 

f. Analysis of Prototype Evaluation T e s T s  

It w a s  not possible t o  perform evaluation tests a t  X-ASTR-1 at 
the  t i m e  of delivery of the prototypes. 
therefore,  be. perforrnedwhen t e s t  results and associated data 
are available. 

g. Ceramic Search 

This  analysis will, 

The search fo r  high .tem?erature insulators was continued. 
A l l  manufacturers an 

research f . ac i l i t i e s  contacted, thus far, have regorTed 22 s x h  
material is presently available, although intensive research i 
being conducted in t h i s  * f i e l d  . 

As 
r.,r& yec, 32 positive results have aeveloped. 

. .  
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3.2 Progress' Cont . \. . . 
' h. Oxidation Resistant Coatings 

tated in Paragr 'o above, no prototype test resu l t s  were 
i l a b l e  as of the  of t h i s  report. Tabulations of oxidatio 

ACL is s e t t i n  tests a re  presented i n  Section 1x1 of t h i s  report. 
up f o r  oxidation tests a t  ,higher temperatures, and will report  
results i n  the next report .  

i. S X  Report, Type 4734 Gauges 

A s  previously reported, Southern Research Ins t i t u t e  conducted zn 
independent evaluation of a number of ACL Type 4734 gauges, which 
are  s imilar  t o  the ACL Type 473s gauges.. 
r e p o r e  was made available t o  ACL during the current reporting 
period. 

. agree essent ia l ly  with evaluations conducted previously by Am. . % '  

A copy of t he i r  f i n a l  

Results of t h e h  tesrs w e x  anslyzed, and were found to 

. .  
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. SECTION If 

PAST PROGRESS- 

Generzl 

Previous e f fo r t  was reported in ACL Progress Reports T-1097-1 
through T-1097-4. I 

, .  

2.1 Prototype Desipp and Development 

As was previously reported, objectives fcc the first prototypes 
have been limited t o  the WGO°F - 45OO'F range i n  the  i n t e r e s t  of 
accumulating t e s t  data f o r  znalysis, the r e s d t s  t o  be u t i l i zed  i n  . 

h f o r  the  prototype'gauges was selected,  and drGwings 
prepared, de ta i l ing  means of fabrication and.assembly, 

Investigations made into fabrication techniques involved i n  working 
vapor deposited Tungsten, resulted i n  inproved' *material handling 
techniques. b 

Shock and vibration t e s t s ,  performed cn a prototype mock-up, resulted 
i n  a conclusion t h a t  t h e  sheath material was i n t r in s i ca l ly  capable 

Samgdes of various types of compensation lead wires were ordered fo r  . 
t e s t  and evaluation, 

An evaluation of the SRI calibration tests f o r  AC 

might be i n  the order of 1 4 2  inches i n  an isothermal region. 

Preparations were made for examination of the  two Type 4734 gauges 
t e s t ed  by N.A.S.A. 

I of withstanding the specified shock and vibration requirements, 

'. 

A l l  samples were not received i n  time fo r  test, 

4734 gauges 
was made, resu l t ing  i n  a conclusion thar an optim eqsieil 2 q t h  

, .  . ; ' 0 

1 % .  Page 5 



I 2.1 ' Prototype Design and Development Cont..., 
' .  

A test of a "no-insulation" approach was started, but was aborted 
due to a failure in the .test oven. 

es were scheduled for .delivery t o  M-ASTR-I, on 
test and evaluation. Calibrations of t h i s  

type of gauge indicated a s h i f t  in  emf output t o  a higher value 
than that shown in  previous calibrations. The shift was bel ieved.  
due to a spurious emf contributed by the 'kompensated" lead wires. 
The curves, however, paral le l  the curves taken by Southern Research 
InstiTute, as well 'as those predicted by ACL. . 

b 
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SECTION 111 ' 

CURRENT PROGRESS 

. '  
3.0 General 

Three prototype gauges, ACL Type 4735, were delivered t o  M-ASTB-1 
on 17 October 1963, as scheduled. 

. .  

3.1 Progress 

3.1.1 Prototype Gauges 

The 
P e r  
ident i f icat ion,  A l l  of these prototypes were fabricated i n  the 
same manner, t o  permit corrzlation of any data resul t ing from tes t  
and evaluation perforzed by M-ASTX-I- 

Cons truetion Dstails 

The prototype gauges 'were assembled i n  general confomznee w i t 5  -;he 
fabrication deta i l s  described i n  Report T-1097-4. 
the methods and materials described in t h a t  report  a re  as follows: 

a. Oxidation Protective Coating 

prototype gauges delivered &xiilg the cmzent reporting 
r e  assigned serial numbers 002, 003, 004 for purposes of 

3 .l. 2 

Deviations za 

, 

When the probes were received from the coating process, the 
elzrnsr;taf. sil ic& overlay was found t o  have lost adherence to 
the s i l iconized sheath i n  some areas,  Where possible, the 
loosened s i l i con  was renoved. The sheaths were not rr.&chscically 
worked t o  ent i re ly  remove the. elemental s i l i con ,  t o  miniiiize' the  
poss ib i l i ty  . of inadvertently providing nuclei for  grain growth, 

. (See Report No. T-1097-3, Para. 3.1.2.1)' The D-65 material w a s  
not applied t o  the base of the probe, near the ru;ion because of 

* t  
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RUNNING TIME AT TEXPERAT'JRE 
v 

I 
I Type 4735 Gzug~, Serial  Xmber 001 

 ello ow oxides more 





. .  

3.1.4 No-Insulation Adproach 

electric eleaents ar" t h e  s a x  temperature when t h e  GVCI wzs szzbilized, 
there would be no-temperatux dzffcrential existing a t  my point  i n  the 
immersed portion of t he  system, 

3-1.5 T e s t  Duct 

As reported i n  the lasz rr.or,tt-hly prcg?@ss r epor t ,  It wzs plaiL'ied t o  
conduct calibrations i n  the high tenperatwe duct zt :exprztures 

k m e s e r ,  the burner was 
insulat ion flashed over to steam, azd an exslosiox foilcwea. ' ine 
duct is being rebuilt t o  avoid such a recurrence, 
injury t o  persongel, nor dariage t o  'other equipment, 

. in the 4000°F range. The serup w z s .  made ZEd t h e  zest star ted,  When, 
p i t z d ,  moisture en t rxk -d  in =he deet .-.. 

There w a s  =si ther  



t 

3.1.6 Oxide Insulators 

As evidezced in both the  Sc7ithem Research Institute report 2r.S 
the  ACL t e s t s ,  i f  p r e s e n t F  zvcl laSle e lec t r i ca l  i-mulators ape 

1 
I 

I 
temperature probe, the  upper operating temprature  

The character is t ic  behavior of the insulator.  That 
tor becomes ccnductive a t  surne elevated temperature, 

I 
. I  

There is wide disagreement betC..l;?ei> ,lea?izg a S ? x r - 2 + q  ZA,,CS 2s t o  the 
exact mecianism of the chakgz z;.. the ccraixic i J G 2  insu~zt~r t o  
conductor. At preseat, the col;se;~~s is prepmdermtly in favor 1 

of Sery l l ia  as the  m c s t  cffzctive of t h e  oxicizs, and prcSebly the 
best  of the high tenperatxx i r -sulators .  
personnel a t  Eos Alamos ,  th,: zz i t s  or” J c y i f i a ,  Xeg~csia ,  Thor ia ,  
ar.d Hahia were thoroug:71y ~ i s c u s s c d  - A S  -::?air sx2erlexc?,  arr 

applications of the t y p e  
sources* report the pyeaanc-. of ..- 
ef fec ts  a signif icznt  C>?CL>G~C i n  - -  x 

i 
1 
I 

I 

I n  cse t ings  wi7h research 

I 
* I  

.- 
le h~i+L .- d ~ ~ y l l ~ ,  iz upper limit of 4200°F to L;;3”F L; ;L:?z‘ ’ -  

I -A. 

1’ CG:2-L  L a 2  is this p r o j e c t .  Other - _  
~ 

u x  or” -chz z:-ZerL>-. 1 

I insulat ion character is t ic  2s greater by consensus, with ikryfl ia  
than with the other ceramfe;, I 

--- .A- IL exowts of otXcr inaterials 
phase change zerr;-,erature of the 

~ 

e-ratu-e cf Sfec t t i ve  use, without: deg-edation of I 

I 

I 
I 
I 
1 
I 3.1.7 Gas Dielectrics 

One area 02 spyroach, afxhlsigh is i fcrxmxd’ as a p ~ s s 2 f l i t y  i n  
previous reports,  hzci X G ~  L.zen givcn se=.icr?s a t t en r r~ r .  -??ij. current 
evidence indicated t k z  zvz : l&~i l i~y  01: z t r ~ e  high tErT2era‘Cwe 
I n s d a t o r  is mPikeBy ~ i z h i n  the tine i q o s e d  by t h i s  con-cract, 
In investigatiir?g the efec-tx-ical insulation charact.erfstlcs cl’ o t h q  

t was f o n d  thz t  s o m  materials, mdergoir,g a change of 
O t o  708’~; becsne a gas with very high dielectric 
r,c SIX+ saterial is Suif~r Mexafluoride. It is plumed, 
to fur ther  inveszigate such materials and t he i r  possfhle 
. .  t o  the.no-insulatioa approach discussed ehewhere i n  t h i s  

report. 

?age 12 
%aide t o  Refractory Ceramics, ‘ RTD Technology Briefs, 
Eater ia ls  in D e  Engineering 

July 1963 1 
V o l .  58, No. 1, 6. - 96 



3.1.8 Requests f o r  .Information 

a. A determination whether a m c a s  of nounzing, other then through 
a 7/16"-20hF mountfng boss co7d.d be employed, 
of the probe limits the d e s i p e r  to smll spacing internal. to 
the probe, possibly i;ii;?osing res r r ic t ions  on per f  orzance at 
maximi operating ternpei?aturres - 
A description of t h e  d&ized s-L:nration of the  gauges, r e l a t ive  
t o  flow. 
impinge. upon the g x z ; c  

The physical s i ze  

b, 
At present, i-: is :J-: :i-ist;n by .KL wkether ~ . G W  w i l l  .. its ~ L L C  ~2 on i - z s  -L?. (As seer. in 

previous rocket e n g h e  .I- L ~ b t ~ : ,  - .. Thus, -&e cesl%-.er 2s l h i t e d  t o  
cal. boey of ~cvolutioa {in cross sectfo:-i> i n  order. t o  
os1pmis2 beti.:clzn ail e o n d i t i o n ~  of flcw. 
t i -p t i rp se  g ~ q ~  woxld Sc- desirable, hswever, present 

It is realized 

6iicc;res that  the zxl t f -purpose gauge would c o t  permit 
th2 i m s t  desirzble gcornetry for 2 give3 conGitio-il oi'flaw, 

The t i m e  fo- use a t  rhe n a x i x ~ n  anticipated tenperr?zu-e of use, 

togethe2 with tha t  desc;.ibed 5, - 3. above, is or' g x c r  Ljportxnce 
t o  the dcsigmr In that che I x d i n ~  u" 02 th2 imersei  ?orZion of the 
probe are izflxeixed by the v ? k z f t y .  end i;.zch mn-he~ o€ t h e  rxediun, 
During the tengera"ru-re rise, ~ T X ;  l igh t -of f  to steaZy srete condi- 

* t ions, the mach amber coulZr c k n g e  from s C I S - S G ~ ~ C ,  ro sqersonic, 
in a very shor2 t h e ,  

. of the probe, cauld thus char?gs very rapidly, and the imposition 
of shock loading could influeace %he geometry t o  a great degree. 

T k 2  length or" lead w i r e  required i n  the ins ta l la t ion ,  * e  required 
ixsulazion resistimce i~ the lead wire, and any shielding requzrements. 

A desired iminersion dcpth, i n  t e m s  of distance from the inside 
w a l l  of the duct, chamber, etc,, to the  t i p  of the gauge, 

c, 
I and a estirnste of the zfne-:.x?wztrx! p ro f i l e .  5 2 s  iriformation, 
, 

%e chzz-xter of the aerodynnic loading 

d. 

. .  
e .  



3.1.8 Requests f o r  Information Cofit... . i 

, 
I f, A description of the wall i n t o  which the gauge w i l l  mount, 

including thickness, materials, knd a cross section sketch, i f  

g ,  An estima the  velocity of the  m e  um i n  which the  gauge 
is intended ‘to run. 

A description of the meL5um i n  terins.of its chemical constituents, 
density, m d  r a t i o  of specif ic  heats, 

h. 

3.1.9 Analysis of‘SRL Final Repor? 

4 copy of the Soythem Resedch ILS~?LZZ r’lnal Xeport, covering 
ca l ib ra t ions  2nd oxidation Fes ts  cf -2; ?,dcz 4734 szuges, was obtained 
during\ the current repwsi:?r cI ?e~i;~- 
phases of t h e i r  observatiox an& msasuzneri2s excspr es follows : 

a, 

’ j  1 - .?^ . *  
-..<-< is br;slc iigr2ement on a l l  

In t h e  SxI s~ni iary iil <k.s incticztec! t h a t  erro-ls i r i  masuresent, 1 

or f a u l t y  techniques we?? respmsible  fo r  differences i n  emf vs 
temperature be?ween the - -  predfcted curve 2nd t h  SXI curves, The 
ACL curve WZS fflst caicaiatcd, rhea corngared w i t h  the Englehard 
curve f o r  W-WT26Re. Good agxcmcnt was obtained, Spois checks were 

. Then tzken, is a iso-gh~ccnal zor-e, ,&-id when agreement beixeen the 
ca fcda ted  curve, the Ezgle’nercl curve, and the s p o t  checks was 
obsewed, the curve was &raws, based on the Englekard curve, with 
a reference junction t e x p r a t u r ?  of O ” C .  Frox the SRI curves, 
wherein differences i n  ~ . u t p u t ,  E;; ?:-.e szne’ temperature, for 

’ 

different  immersion depths werg s e m ,  i - c  can be icferred t h a t  
conduction losses were largely xspcns fb le  f o r  the deviations 
from fhe ACL curve, 
immersion r?epth of at l ea s t  25. dkzeters,  whereas the SRI cali- 
brations were taken a Inspection of the 
S R I  curves shows S-ist 
toward the ACE, curve as the imicrsion &pth is increased. 
previous ACL progress report, the  deviation was plotted as a 
function of Lmersicn depth - 
2s the imnersion depth was increased. This s a t i s f i e s  both the 
€ i r s Z  law of thernodynmics arid the l i t e r a t m e  regarding “endtT 
or conduction. losses - 

The origiml bCL ssat checks were run a t  sn 
* 

5-1/4 to 6 dimtetcrs. 
e cutplrt far a discrete tezpsrature m 

,In 

The resul t ing curve became asymptotic 



. 

cer tainty tha t  a mch s e a t e r  spurious emf exis ts  with d i f fe ren t  
types or" lead wire.  
fo r  the apprec1zb1e differences bemeen the SRI curves and the  
recent ACL cwves, In These cases the essent ia l  difference 
between thz Type 4734 gauges tes ted by SRI ,  which. employed a copper 
(4-1 and copper-nickel (-1 lead wfre, and the Type 4735 gauges, 
which eqloyed two different  copper-nickel alloys, calibrzted by 
ACL w a s  i n  the compensa2ed fez& wire. 
of junction, (t?-W268e) ::herefore, the emf for the  sime temperature, 
should have Seen the saii!. TSe ACL t e s t s  were made i n  two ways; 

No observa3le differences 

Thls e f fec t  is  believed t o  have been responsible 

Both employed the s m e  type  

ath assehS-y alone (with lead wires attached) and with 
ssem3ly mounted ir. the body. 

were noted i n  these t e s r - s ,  thss Turther re2nforcir.g the bel ief  t h a t '  
the spurious emf, i f  present, wiis due t o  the copper-nickel a l loy  
posi t ive lead: wire. 

. c, In the burner calfbra-cion tes-ts, 4-CL agrees w i t h  t k  nethod used 
i n  the t e s t s ,  excegt fa- conczct of the sheeth with the graghdte 
cylinder. 
thermally and w i t h  respct t o  emissivity, caa contrfbute t o  an 
accelerated deterio-ation of the sfieazh due t o  the possible reaction 

i n  previous ACC tests. 
first t o  the last  cycle' can be explairied if the .graphite tiibe 
deteriorated enough, dt;=.ing a given cycle, t o  allow zn increase 
i n  flame leakage. 
nearly a u  reseilrwC:L.3 ----L--- a -  =+-hi1 ---_--__ <zing temperatures &.ring burner 
t e s t s .  . Even small  variations i n  bwner presswe, f la ie  path, or 
probe posit ion can effect appreciable loca l  variations of temperature. 
These a re  par t icular ly  evident at the higher tmpemtures ,  a d  
are a t  t h e s  d i f f i c u l t  t o  detect due t o  th2 t i n e  r e q i r e d  t o  
obtain a good brightness match i n  the optical pyrometer during a 
temperature chzage. 

This methcd, ztlthocgh r,ornally yiel&ng zood resu l t s  

.between the Tungsten shca-kh and the gpzphite, T h i s  has been observed 
The rise i n  observed tem2erature from the 

Great d i f f icu l ty  has been experienced by - -  

Page 15 
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d. I n  the.SRX evaluation of divergence between the burner exposure 
and cavity calibration, it is  in te res t ing  t o  note the very high 

repea t ib i l i ty  of t he  Type 4734 'gauge, on successive 
ith points taken on the first through the fourth cycle 
ly coincident, and cer ta inly fdlaing within the  degre 

of accuracy possible with the optical pyrqmeter under the  condi 
of test. 

One signif icant  aspect of the SRI t e s t s ,  which w a s  not discussed 
i n  the report; but which is worthy of mention is the absence of 
"fla$h" readings near t h e  bumer temperature (given as Setween 
4760°F and 4S70"F). If the f l a x  ambient aas ir, This range, i t  
could be expected tha t  flash readings could.be seen, par t icu lar ly ,  
when it is considered t h a t  the heat flux density was i n  t h e  order 
of 600 BTU/FT2/SX. In previous tests such i n i t i a l  readings have 
been seen, quickly dropping off t o  some intermediate value i n  the 

t i n g  temperature of the Eeryllia, 
that the points i n  the  burner flame, zt which the  
r e  taken, weze i n  a region of much lower temperature, 
c t  w a s  inadvertently omitted from the  SliI report. 

. 
I 

e. 

' 

the  probe s tabi l ized out a t  a temperature near the . 

It is possible, 






